The presence of cyanobacterial blooms and cyanotoxins in water presents a global problem due to the deterioration of ecosystems and the possibility of poisoning in human and animals. Microcystin LR is the most widely distributed cyanotoxin and liver cells are its main target. In the present study, HepG2 cells were used to determine DNA damage of three crude extracts of cyanobacterial blooms containing MC-LR, through comet assay. The results show that all extracts at a concentration of 500 μg mL −1 caused low damage in hepatocytes exposed for 24 h, but produced total mortality even at low concentrations at 48 h. Moreover, balloons corresponding to cell apoptosis were found. Through HPLC/MS, MC-LR was detected in all samples of cyanobacterial blooms at concentrations of (5,65 μg ml −1 ) in sample 1, (1,24 μg ml −1 ) in sample 2 and (57,29 μg ml −1 ) in sample 3. In addition, in all samples high molecular weights peaks were detected, that may correspond to other microcystins.
Introduction
The increase in human population has brought a growing demand for water resources for human consumption but also a decrease in the volume and quality of water supply because of the environmental degradation of aquatic ecosystems. This situation has encouraged the development of research aimed to identify and prevent the causal factors of deterioration of water sources, as well as improving water purification techniques.
Cyanobacterial blooms are one of the factors with highest incidence in water quality degradation and are produced by numerous genera of Cyanobacteria Phylum. They are characterized by the production of several compounds (Carmichael, 1994) , which are known as hepatotoxins and neurotoxins (Reynolds, 2006) . Presence of blooms or cyanobacterial blooms and production of cyanotoxins affect water quality, making treatment processes more expensive (Garcia Nieto et al., 2011; Quesada et al., 2004) and restricting recreative water activities (Quesada et al., 2004) including fishing. Several cases of intoxication by these compounds have been reported worldwide in wild and domestic animals and human (Hillebrand, 1999; Reynolds, 2006) .
Microcystins are a class of cyanotoxins produced by species of the genera Microcystis, Anabaena, Oscillatoria (Planktothrix), Nostoc, and Anabaenopsis (Sivonen and Jones, 1999) ; their ingestion by mammals may lead to increased liver weight, hepatic histological damage (Heinze, 1999) , liver cancer (Hernández et al., 2009; Hu et al., 2008; Li et al., 2016) and renal damage (Milutinović et al., 2003) . These cyanotoxins may affect the cytoskeleton of liver cells, triggering apoptosis, necrosis and internal hemorrhage that can lead to death due to acute hemorrhagic shock (Dawson, 1998) . Microcystin LR is the most common toxin and long-term exposure to this compound is mainly https://doi.org/10.1016/j.toxicon.2018.09.011 Received 28 May 2018; Received in revised form 19 September 2018; Accepted 25 September 2018 associated with expression of proteins in the caspase pathway (Huang et al., 2016) , increasing oxidative stress, and also affecting mitochondrial DNA, altering cytokine expression, and causing lung deterioration in mice Ma et al., 2017) .
Nevertheless, the molecular mechanism by which MC-LR (microcystin LR) induces toxicity has not been fully elucidated. Therefore, a great diversity of biological models, techniques and experimental designs have been used for the evaluation of their toxicity. In addition, there are few reports on the cytotoxicity and genotoxicity of samples of cyanobacterial blooms with mixtures of MC-LR and other cyanotoxins. Also, these studies have not been well understood (Žegura et al., 2006) .
One of the main problems related to the presence of cyanobacteria in water reservoirs is the risk of exposure to complex mixtures of toxins for consumers of contaminated fish and drinking water (Carneiro et al., 2017) . This type of risk could be a problem of public environmental health and must be addressed from different points of view.
Studies carried out by our research group have shown this problem in Riogrande II and Porce II reservoirs used as multiproposite and for power generation respectively (Herrera et al., 2015) . Additionally, the bioaccumulation results of these microcystins were reported in Cladocerans (Herrera et al., 2014) for this reason in this study, genotoxicity is evaluated as an indicator of possible chronic effects in human cell lines such as HepG2 and the cytotoxicity in several cell lines to show the effect on different target organs and would be an indicator of possible acute effects.
Due to the lack of knowledge about effects of crude toxin mixtures in mammal cells, the aim of this study was to analyze the DNA in HepG2 hepatocytes and cytotoxic effects induced by different samples of blooms in U-937 promonocyte cells, mouse J774 macrophages, human Hela endothelial cervix cells and monkey kidney Vero epithelial cell lines. These bioassays could be tools to predict the risk of exposure to the health of people and animals who are in contact with this type of samples (blooms) composed of mixtures of toxins and other types of compounds.
Materials and methods

Study area
Porce II and Riogrande II are two water reservoirs located in the department of Antioquia, Colombia. Porce II is used for power generation and artisanal fishing while Riogrande II has a multipurpose use. In the tributary basins of both reservoirs, take place intensive agricultural and industrial activities.
One sample was taken from the most eutrophic area of Riogrande II, the arm of Rio Chico located 15 km away from the water intake tower (sample 1). Other two samples were taken from a nearby point located in the main body water (sample 2) and the last one in the dam (sample 3) of Porce II reservoir (Fig. 1). 
Sample processing
Lyophilization
The three cyanobacterial bloom samples were collected with a 20-μm mesh nylon net, stored in plastic bottles of five liters and maintained in darkness and refrigerated at 4°C until their lyophilization in the laboratory, previously reported (Herrera et al., 2015) . After that they were processed for the HPLC analyses. Fig. 2 shows the origin of each of the analyzed samples, fractions and subfractions.
For the genotoxicity and cytotoxicity test, only lyophilized samples were used without any further treatment, then, 20 mg were taken and resuspended in 1 ml of DMSO (dimethyl sulfoxide).
Subfractionation
In addition, the sample from the Riogrande II reservoir was fractionated by chromatography and tested for cytotoxicity. Thus, 40 g of the lyophilized sample was resuspended in methanol 90% and sonicated for 15 min with a Branson Ultrasonic (model 2510); afterwards, it was filtered through a glass fiber membrane of 47 mm (Advantec). The extract obtained (8.0 g) was separated by liquid chromatography in column with a mix of dichloromethane: methanol (4:1, v/v) until obtaining 24 fractions of 20 mL each. The last two fractions (a and b) were chosen to continue purifying them, because the presence of microcystins was detected by the ELISA test. The last fractions of this new purification process were eluted with 100% methanol, were selected and named (a-1, b-1 and b-2). For cytotoxicity assays, each sample was diluted in DMSO to determine the cytotoxic effect on four cell lines.
Cyanobacteria detection
To determine the presence of cyanobacteria, 250 mL of water sample was fixed with 1 mL of Lugol's solution (1%). For the analysis of Microcystis mucilage Chinese ink was used. For quantitative analysis, the samples were shaken 30 times and pelleted, following the method of Utermöhl (Rzóska and Margalef, 1979) . One milliliter of the precipitate was placed in a counting chamber Sedgwick-Rafter and microscopic observations were performed (Herrera et al., 2015) .
MC-LR detection by HPLC/MS
Two hundred mg of lyophilized material were resuspended in 80% methanol; then the sample was sonicated for 15 min in a Branson 2510 equipment and centrifuged at 3000 rpm for 5 min. Then, samples were dried on a rotary evaporator (Heidolph) at 35°C and the obtained extract was filtered through C18 cartridges (CNWBOND HC-C18) eluted with methanol and analyzed by HPLC-MS.
Detection and confirmation of MC-LR was carried out by (HPLC-MS/MS) (Agilent HPLC 1200, AB SCIEX 3200 QTRAP), following the methodology by Herrera et al. (2015) : Column, Kinetex 2.6 μm C18 100 Å, 50 × 2.1 mm; Mobile phase A, 5 mM ammonium acetate in Fig. 1 . Localization of the three cyanobacterial bloom samples collected. Three samples of cyanobacterial blooms were taken: two in Porce II dam (3), one in the main body (2), and the last one in the most eutrophic area of Riogrande II, the arm of Rio Chico (1).
water and 0,1% formic acid; Mobile phase B, 5 mM ammonium acetate in acetonitrile and 0,1% formic acid; Flow rate, 450 μL min-1; Injection volume, 10 μL; gradient, 0-6 min 85% A and 15% B, 6-10 min 65% A, 10 min 10% A followed by a return to 85% A.
Analysis of microcystins by ELISA
The subtracted samples from Riogrande II reservoir were tested using Elisa a Microcystin Plate Kit (Envirologix Inc.) (detection limit 0.16) for the detection of microcystins (in cross-reactivity with variants LR, LA, RR, YR, and nodularin) was used to test the extract of sample 1 (Riogrande II). The optical density (O.D.) was measured with a microplate reader (ELx 800 NB, Bio-Tec Instruments Inc.). In each 8-well strip, four controls were used (negative, calibrator 1: 0.16 ppb, calibrator 2: 0.6 ppb and calibrator 3: 2.5 ppb). To determine the concentration of microcystin in the samples an equation derived from the calibration curve was used. This calibration curve was constructed from the microcystin concentration of the calibrators and the %Bo (O.D. of each calibrator/O.D. of the negative control x 100). % Bo is the maximum amount of Microcystin-enzyme conjugate that is bound by the antibody in the absence of any Microcystin in the sample (i.e. negative control). The Elisa technique was used because it is considered highly sensitive (LOD = 0.02-0.15 μg/L) and the samples require little preparation (Heussner et al., 2014) .
Biological analysis
Viability assays
Cell viability was determined with the MTT exclusion method using OD 570 in a Multiskan-go spectrophotometer (Senthilraja and Kathiresan, 2015) . Twenty serial dilutions of all the samples were analyzed to evaluate the cellular viability by MTT. Measurements were performed by triplicate using 1% DMSO and DMEM as positive and negative controls, respectively.
Cell viability (%) = Mean OD treated cells/Mean Control OD x 100%
The concentration required for a 50% and 10% inhibition of viability (LC 50 and LC 10 ) were established by Probit analysis; the LC 10 was used to determine sublethal concentrations in the genotoxicity assays.
Genotoxicity of cyanobacterial extracts (comet assay)
HepG2 cells were propagated in Dulbecco's Modified Eagle Medium (DMEM) supplemented with 10% FBS, incubated at 37°C at an atmospheric humidity above 95% and 5% CO 2 (Valentin-Severin et al., 2003) . When cells reached 80% confluence were exposed to the samples resuspended in 1% DMSO. All genotoxicity assays were performed by testing three sub-lethal concentrations ( ≤LC 10 ) of all samples. Only concentrations that yield viability results above 80% were chosen to perform the genotoxicity assays with the purpose of avoiding false positive results (Platel et al., 2009 ). The exposure time was 24, 48 and 72 h; it was chosen 24 h because the viability of the culture was superior to 90%, since at 48 h there was total cytotoxicity.
Single cell gel electrophoresis (SCGE) also known the Comet assay as is a powerful technique that permits the evaluation of single and double strand DNA breaks on individual cells. This methodology allowed us to evaluate DNA damage in HepG2 after treating them separately with three sub-lethal concentrations (500, 125 and 50 μg mL −1 )
of cyanobacterial samples extract. The comet assay consists of separating and characterizing DNA that migrates out of the cell (Singh et al., 1988) . This process involves the immobilization of cells by embedding them in agarose gel (GelBond ® film) with low melting point agarose (LMPA), then the agarose gel is submerged in a lysing buffer to achieve cell membrane rupture, the DNA migrates to the anode when exposed to electric current during electrophoresis leaving a trail of ruptured DNA behind like a "comet tail." Samples were stained with GelRed™ for better visualization of the comet tail. The results of the test were read by measuring the length of the tail. The comet assay has proven effective for the identification of strand breaks, alkaline-labile site damage and mismatch repair sites (Collins et al., 2014) . HepG2 cells were seeded in 6 well plates at a density of 1.0 × 10 5 and 1.0 × 10 4 respectively, under previously described conditions.
Forty-eight hours after seeding, cells were treated with the three sublethal concentrations (500, 125 and 50 μg mL −1 ), corresponding to either type of cyanobacterial samples extract, an exposed for 24 h. Post treatment cell viability was evaluated by MTT test. Cell suspensions were mixed with LMPA, embedded in the agarose gel film and placed in the lysing solution for 16-24 h. The lysis solution contained 100 mM N. Herrera et al. Toxicon 154 (2018) 50-59 EDTA, 0.05% SDS, 2.5M NaCl, 1% Triton X-100, 10 mM Trizma-base and 10% DMSO added prior to its use, the pH was adjusted to 10 with NaOH. The high concentration of salt in the lysis solution helps to break down the cell membrane, remove histones and other soluble proteins (Karlsson, 2010) . After the cells were lysed, the agarose film was placed in a horizontal electrophoresis chamber and covered with cold electrophoresis buffer pH > 13 (often containing 300 mM NaOH, 1 mM EDTA) for 40 min. After 40 min, the agarose film with the embedded cells was electrophoresed for 30 min at 25 mV and 300 mA. The agarose film was removed from the electrophoresis chamber, rinsed with neutralizing buffer and set aside in a draining plate, dehydration of the embedded LMPA cells was done with methanol prior to staining. Cells were stained with GelRed™ [0.01×] for approximately 10 s and rinsed with distilled water to remove excess dye. The agarose film was cut and mounted on glass slides; samples were analyzed with a Nikon ® Eclipse 55i fluorescence microscope (Tokyo, Japan) and a 40× objective. DMEM was used as a negative control and H 2 O 2 (50 μM) was used as a positive control. The comet assay was done on two independent moments with two replicates each time it was performed; 160 cells were analyzed per treatment. DNA damage was measured based on the length (μm) of the DNA fragments that migrated out of the cell (comet tail), this was measured using an ocular micrometer (Platel et al., 2009 ). The comet assay was selected as an alternative to cytotoxicity assays since is a relatively fast, simple and sensitive technique when a small number of test compounds; besides it is useful to avoid false positives (Switalla et al., 2013) . Finally, the cells were stained and observed under a DNA migration from a total of 160 nuclei per treatment Damage was quantified based on five categories (Mena-Huertas et al., 2011) considering the median of the negative control plus two standard deviations (X ± 2SD) (Song et al., 2007) , since 2SD include 95% of the data. After this baseline value, the following damage categories were obtained: (Table 1) .
Damage classification and induction factor (IF)
A classification of the damage was carried out with the data of comet length, which is directly related to the ability of the cyanobacterial bloom samples to rupture or fragment the DNA. DNA damage induced by the extracts of the cyanobacterial samples was classified into 5 categories as follows: "0" or undamaged DNA, "1" or lightly damaged DNA, "2" or moderately damaged DNA, "3" or highly damaged DNA and "4" or total damaged DNA. For each category, the percentage of cells was determined as indicative of the intensity of the treatment (Cadrazco et al., 2017; Rodriguez Ferreiro et al., 2002) .
The frequency of damaged cells in each treatment was also taken into account for genotoxicity analyses. In order to avoid false positives, a treatment was considered to induce genotoxic activity when the cell viability was equal or greater than 70 ± 5% since genotoxic effects may be associated with null to moderate cytotoxicity (Platel et al., 2009) .
The Induction Factor was also a criterion for genotoxicity analyzes, which refers to the times that a treatment exceeds the migration mean of the negative or solvent control. It is calculated with the following formula: FI = X migration of the DNA of a treatment/X migration of the negative control
Culture condition (cytotoxicity)
The cytotoxic activity of cyanobacterial bloom was evaluated in different cell lines, which were cultured and treated in culture media according to each cell line, in the following way: Cells U-937 (human promonocytic cells) were cultured in suspension in RPMI 1640 complete medium with 10% fetal calf serum (FCS) in the presence of 5% CO2 at 37°C. J774 cells (mouse monocytic cells) was cultured in suspension in Dulbecco's Modified Eagle's medium (DME) with 10% fetal calf serum (FCS) in the presence of 5% CO2 at 37°C. Hela cells (human cervical cells) and Vero (African green monkey kidney cells) were cultured in suspension in Eagle's Minimum Essential medium with 10% fetal calf serum (FCS) in the presence of 5% CO2 at 37°C. cellular media were renewed to intervals of 2 days, until acquiring a confluence of 80%.
In vitro cytotoxicity of cyanobacterial sample 1 (Riogrande II)
Each sample was diluted in DMSO; cytotoxicity was evaluated in cell lines U-937, J774, Hela and Vero using the MTT enzymatic micromethod. In short, cells were exposed to the corresponding concentrations (200, 50, 12.5 and 3.125 μg mL −1 ) of cyanobacterial bloom samples and the drug used as controls for cytotoxicity. After 72 h of incubation at 37°C with 5% CO 2 10 μL/well of MTT solution (0.5 mg/ mL) was added to each well and plates were incubated at 37°C for 3 h. The reaction was stopped by adding 100 μL/well of isopropanol solution at 50% with sodium dodecyl sulphate at 10% and incubating for 30 min. Cell viability was determined by the amount of formazan produced according to the color intensity (absorbance), recorded as the optical density (O.D) obtained at 570 nm in a Varioskan reader (ThermoFisher Scientific, MA, USA). Untreated cells were used as a viability control, and amphotericin B (200, 50, 12.5, and 3.25 μg mL −1 ) was a control for cytotoxicity. Each sample was tested in triplicate, in at least two independent trials. The results were expressed as the half lethal concentration (LC 50 ) (Taylor-Harding et al., 2010).
Statistical analysis
The LC 50 values were calculated with the Probit method. In order to establish statistically significant differences among comet assay measurements, a non-parametric Kruskal-Wallis analysis of variance was applied with a significance level of 0.05. When significant differences were found, a multiple ranges analysis was carried out in order to determine differences between levels of damage.
Results
Detection of microcystin-LR by HPLC-MS
Microcystis aeruginosa was the most abundant cyanobacterium; the HPLC-MS/MS analysis showed microcystin-LR in all samples (Table 2) . Data reported in this table corresponds to average damage scored in 160 cells per treatment; cell culture media was used as negative control. N. Herrera et al. Toxicon 154 (2018) [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] The highest toxin concentrations were detected in samples 1 and 3 from Riogrande II and Porce II and the lowest in sample 2 from Porce II (Fig. 3-B) . All samples were analyzed by HPLC/MS and molecular weights between 900 and 1300 were determined, and possibly corresponding to other microcystins ( Fig. 3-A) . The microcystin-LR concentrations in the samples for subsequent genotoxicity analysis are shown in Table 2 . The Riogrande II sample containing 5651 μg/mL −1 of the toxin was subfractionated for cytotoxicity assays; microcystins were detected by ELISA test.
Genotoxicity in HepG2 cells
All three samples induced significant genotoxicity, with induction factors (IF) up to 2,01. Fig. 4 shows the damage induction factor (IF) for three different concentrations in each one of the samples. In samples 1 and 3 there was not a significant different in the IF for different concentrations while in sample 2 there was an increment in the IF with the increased of the concentration. The lowest IF (0,94) was found in sample 2 for the lowest concentration (50 μg ml-1) while the highest IF (2,01) was found in sample 3 for the highest concentration (500 μg ml-1). According to the results of Fig. 4 , sample 2 presented the least migration length of the DNA and the samples 3 the highest migration length at 24 h of exposure.
The correlation results between Damage Induction Factor (IF) and concentration of MC-LR for each cyanobacterial bloom samples to 500 μg mL −1 are consistent and correlate with the high toxin concentration detected by HPLC/MS. The linear regression model between the IF and the concentration of MC-LR is statistically significant (P value. 0.0109) with an adjusted R 2 = 0.99 indicates that the higher IF values, the higher the cyanotoxin concentration (Fig. 5) . However, for the other samples of cyanobacterial blooms that were evaluated at concentrations of 125 and 50 μg mL −1 , a R 2 = 0,65 was obtained. Fig. 6 shows the frequency of genotoxic effects of the three samples on HepG2 cells; thus, when exposed to bloom, samples 1 and 3 caused the greatest damage at all concentrations evaluated compared to the control (medium damage, Table 1 ). A low level of damage was observed in hepatocytes exposed to samples of cyanobacterial bloom at a concentration of 500 μg mL −1 for 24 h, in contrast with the negative control that did not displayed any damage. However, about 15% of cells treated with samples 2 and 3, with highest MC-LR content, showed moderate damage. Ninety percent of cells treated with sample 1 (Riogrande II) and 3 (Porce II) at a concentration of 125 μg mL −1 had a lightly damaged of DNA. In addition, when cells were treated with the lowest concentration of sample 1 (50 μg ml −1 ), 99.3% of them had low DNA damage. In general, cells exposed to sample 3 had greater damage only when exposed to the highest concentration (500 μg ml −1 ).
On the other hand, exposure of HepG2 cells to all concentrations of each samples of cyanobacterial bloom for 48 h caused total damage of DNA in all cells. Statistically significant differences p < 0.05 were observed between the samples and the negative control with respect to the level of damage.
The frequency of individuals per damage indicates a low-level damage. In addition, no cells showed total damage within 24 h. The extension of the genotoxicity is displayed in Fig. 7 ; moreover, balloons corresponding to cell apoptosis were found.
Cytotoxicity
The sample 1 was initial analyzed against U937 and Hep G2, however, only cytoxicity was observed in U-937 cells with LC 50 of 78.2 ± 3.8 μg mL 1 . No cytotoxicity was observed for HepG2 cells with LC 50 > 200 μg mL 1 . Chromatographic fraction a was cytotoxic to U-937 and Vero cell lines, with LC 50 of 41.2 ± 6.2 μg mL −1 and 39.7 ± 8.0 μg mL −1 , respectively, whereas the cytotoxicity was lower for J774 and Hela (cells N. Herrera et al. Toxicon 154 (2018) 50-59 human cervical) cells, with LC 50 of 74.8 ± 6.6 μg mL −1 and 109.5 ± 1.6 μg mL −1 , respectively. Fraction b did not show cytotoxicity for any of the cell lines evaluated (Table 3) . On the other hand, subfraction a-1 presented lower toxicities for the same cell lines than the original fraction a (84.8 + 2.8 μg mL −1 and 51.3 + 6.3 μg mL −1 ) for Vero cells and for U-937, respectively. In contrast, subfractions b-1 and b-2 showed a high toxicity for U-937 cells (29.7 ± 0.34 μg mL −1 and 16.8 ± 2.0 μg mL −1 ) but were potentially non-toxic for Vero cells (Table 1) . The microcystins present in the initial fractions (a and b) were detected by the ELISA test in concentrations of 770 μg mL-1 and 742 μg mL-1 respectively.
Discussion
One of the main problems related to the presence of cyanobacteria in reservoirs of waters is the high risk of exposure to complex mixtures of toxins for consumers of fish and drinking water (Carneiro et al., 2017) . This risk becomes an environmental public health problem that must be approached from different perspectives. One of these approaches is the determination of the biological effects of blooms, since chemical analysis do not show the real effect of the mixtures of toxins in the target organisms.
Hepatocytes are considered the main target of microcystins, especially MC-LR; for this reason, the use of HepG2 cell line such as has proved to be an efficient model for genotoxicity assessment (Da Silva et al., 2011; Mankiewicz et al., 2002) , and toxicity associated with liver damage also has been demonstrated (Azevedo et al., 2002; Ma et al., 2018) .
In this work, the damage caused to the DNA by crude extracts of cyanobacteria bloom was demonstrated. In addition, genotoxicity and cytotoxicity tests were carried out as a method to predict a possible biological risk of damage.
The sample 1 (Riogrande) was selected for cytotoxic assays because is a multipurpose dam (fishery, recreational, energy); samples 2 and 3 were obtained from an energy generation reservoir (Porce). Thus, a high risk is evident for many people and animals directly exposed to this type of water, moreover containing concentrations as low as almost N. Herrera et al. Toxicon 154 (2018) 50-59 (caption on next page) N. Herrera et al. Toxicon 154 (2018) 50-59 one tenth of the reservoir richest in MC-LR (5.6 vs 57.2 μgmL −1 ) (Table 2) . Although no cell exhibited high damage at 24 h, cytotoxicity at 48 h shows the extent of the toxicological effects these substances can have over time in a prolonged exposure. Moreover, the results of this study, which reports that high concentrations of MC-LR in the bloom samples directly correlate with DNA damage (Induction factor), are consistent with dates given for who reported that when HepG2 cells were exposed to low concentrations of MC-LR (less than 1.0-5.5 μM) there were no damage effects; however, they can promote the expressions of some genes involved in the formation of liver cancer.
The three samples of cyanobacterial blooms tested for genotoxicity were lyophilized to preserve the original content, maintaining the natural conditions. Sample 3 containing the highest microcystin concentration had the highest genotoxic effect, with a low level of damage in 85% and moderate damage in 15% of the exposed cells. The other two samples showed some damage, but to a lesser degree.
While the mechanisms related to its genotoxicity are not well understood, MC-LR induces alterations at level of intracellular reduced glutathione and DNA damage, suggesting that MC-LR may induce biochemical disturbance and oxidative stress in HepG2 cells (Ma et al., 2017; Žegura et al., 2006) . However, this effect cannot be attributed only to MC-LR toxin, since HPLC/MS analyzes detect the presence of other substances with molecular weights similar to those of the of microcystins.
These results indicate the possibility that MC-LR was not directly responsible for the genotoxicity observed for the analyzed samples, as there may be some synergistic interactions with other compounds and other types of microcystins detected by HPLC, that remain unidentified (Fig. 3A) .
Additionally, some studies have highlight the toxicity of mixtures of bloom compounds on different organisms; for example, the significant decrease in cytosolic glutathione transferases activity in Venerupis philippinarum (Carneiro et al., 2017) , and severe decreased survival and extreme reduction in heart rate in fish, Oryzias latipes (Saraf et al., 2018) .
The unfavorable effect of these blooms has been reported on in aquatic microcrustaceans such as cladocerans, mainly at the level of survival and reproduction (Herrera et al., 2015) and their ecophysiological parameters (Herrera et al., 2014) . Nevertheless, other organisms such as zebrafish have also shown pathological changes mainly in the liver (Liu et al., 2014) . All these results show that cyanobacterial blooms at the level of different organisms and different cell lines exert a broad-spectrum effect that consequently acts negatively on human and animal health. In this study the importance of considering total crude extracts of blooms is highlighted, due to the direct exposure of some organisms to this type of samples.
On the other hand, after 48 h of exposure of the HepG2 cells there was complete mortality with all samples of blooms at all concentrations evaluated. Therefore, it was not possible to detect DNA damage.
However, balloons corresponding to cell apoptosis were found. Signs of apoptosis in cells exposed to microcystins have already been reported (Ma et al., 2017; Valério et al., 2014) .
Frequently, people are exposed to low concentrations of mixtures of non-lethal substances for cells, but they may induce DNA damage, generating accumulation of mutations (Poirier and Beland, 1992) . Thus, carcinogenesis may occur (Kakizoe, 2003) or epigenetic processes may be affected (Allis et al., 2015) .
The highest cytotoxicity of sample a was observed for monkey kidney cells (Vero) and human promonocytic cells (U-937) with a LC 50 of 39.7 ± 8.0 μg mL −1 and 41.2 ± 6.2 μg mL −1 , respectively, indicating the effects may occur in other tissues. Nevertheless, some authors have shown that prolonged exposure of rats to MC-LR leads to accumulation and causes serious damage to organs such as the spleen and affecting immunological mechanisms, oxidative stress, energy metabolism and cytoskeleton (Dong et al., 2012; Li et al., 2017) . According to Huang et al. (2016) , ratios of mass of free MC-LR in serum to the mass of MC-LR in a dose given to mice ranging from 3.1 to 25.0 μg kg −1 day −1 were 3.8% and 4.5%, while the total MC-LR ratios in liver was 34.4 and 38.5%. Although most studies indicate that microcystins accumulate mainly in the liver (Kotak et al., 1996; Soares et al., 2004; Wang et al., 2008) , it has been shown that microcystins can cross the blood-brain barrier in animals and may induce cognitive dysfunction (Wang et al., 2013) . The anti-proliferative effect caused by modification of cell cycle progression instead of a cytotoxic effect, using flow cytometry and specific molecular markers, including caspases and annexin should be further studied.
Furthermore, the more polar fractions (a y b) obtained with 100% methanol were used for the cytotoxicity assays. It has also been reported that higher concentrations of microcystins could be obtained with polar solvents due to the properties of the molecule (Meriluoto and Spoof, 2008) . Only these fractions were positive for microcystins by the Elisa test, detecting concentrations of 770 μg mL-1 and 742 μg mL-1, respectively. Accordingly, the cytotoxicity of fraction a was higher than subfraction (a-1). Some results with bacterial cells showed that purified cyanotoxins at a concentration of 10 μg mL −1 were not mutagenic or cytotoxic; however, toxic effects were detected after bacterial exposure to a mix of purified cyanotoxins (Sieroslawska, 2013) . In contrast, subfractions b-1 and b-2 showed higher cytotoxic effect for U-937 cells than fraction b. As expected, the toxicity increased when the microcystin is further purified; in addition, there was a balance between accumulation and metabolism (Ito et al., 2002) . The discrepancies in toxicity levels between crude extracts of cyanobacteria and their fractions are probably a result of a possible degradation of sensitive molecules during elution with methanol and the consequent loss of biological effect (Da Silva et al., 2011; Sieroslawska, 2013) . But it is also likely that the components of the crude extract have a toxic synergistic effect. Fig. 6 . Frequency of damage on HepG2 cells exposed to different concentrations of each cyanobacterial bloom sample after 24 h of exposure. 
Conclusions
The results of this study indicate that Microcystis aeruginosa blooms with a mixture of toxins, including MC-LR, can exert genotoxic effects in HepG2 hepatocytes. It should be highlighted that a continuous exposure to those kinds of materials or water containing them could have a long-term harmful effect due to the genotoxicity and cytotoxicity detected at 48 h of exposure.
Thus, cytotoxicity and genotoxicity assays are valuable methods to predict potential biological risks in waters contaminated with blooms of cyanobacteria, since chemical analysis and ELISA test can only take into account the presence of cyanotoxins, but not their biological effects. This approach is also very relatively realistic, because it correctly describes the situation in a bloom. Usually, the effects of the pure toxins are analyzed, but they are produced as a complex mixture of substances, each of which has a biological profile and a specific target tissue.
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